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Abstract  
The objective of this study was to determine shear and tensile 
strengths of structural adhesives used to bond materials in 
microwave assemblies. The materials included RTV 8262, Keene 6250 
film, Scotchweld 2214 and Scotchweld 2216. These adhesives bonded 
ferrite to aluminum pieces in double lap shear and butt joint 
tensile test specimens. Some specimens were tested at low 
temperature extremes while others underwent thermal cycling prior 
to testing. Tests were performed using a rate controlled, 
displacement feedback MTS universal machine. All specimens were 
loaded to bond failure. 
Most double lap shear specimens did not experience a 
simultaneous failure of both bonded sides. In most cases, one bond 
failed first and loading was continued to failure of the second. 
Consequently, most double lap shear specimens have different 
strength values for each of their two bonds. The difference in 
these failure stresses may be attributed to unsymmetric loading 
after the first bond failure or may indicate a bond integrity 
difference produced during specimen manufacturing. 
Keene 6250 film produced the highest strength bonds of all 
adhesives tested at room temperature. More specifically, Keene 
6250 film failed at stress levels greater than 2.5 times the next 
strongest adhesive during both shear and tensile testing. Only 
double lap shear specimens bonded with Scotchweld 2216 and tested 
at low temperature extremes failed at comparable stresses. 
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Introduction  
Structural adhesives have been utilized by Electromagnetic 
Sciences Inc.(EMS) to bond materials in microwave assemblies. EMS 
has never experienced an adhesive failure in delivered hardware due 
to thermally or structurally induced loads, however, this test data 
provided quantitative information concerning the integrity of the 
adhesive bonds. The objective of this study was to determine shear 
and tensile strengths of structural adhesives currently employed, 
or under consideration for use in microwave assemblies. 
The structural adhesives, RTV 8262, Keene 6250 film, 
Scotchweld 2214 and Scotchweld 2216 (with and without silver 
surface plating), bonded ferrite to aluminum pieces in double lap 
shear and butt-joint tensile specimens. Also tested were 
butt-joint specimens with a three layer teflon (Cuflon or Duroid) 
sandwich. Here, Keene 6250 film bonded the teflon layers to each 
other, while Scotchweld 2216 bonded the entire teflon sandwich 
between aluminum blocks. 	All tests were performed at room 
temperature with the exception of three Scotchweld 2216 double lap 
shear specimens. 	These were tested after a 24 hour cold 
temperature soak at approximately -20° C. 	Prior to testing, 
certain specimens had been thermally cycled, as given by table 1. 
Table 1. 	Thermal Cycling Prior to Testing 
ADHESIVE SPECIMEN NO. of NO. of TEMP 
TYPE SPECIMENS CYCLES RANGE 
RTV 8250 BJ 4 40 -60° to 100° C 
Keene 6250 BJ 2 40 -60° to 100° C 
Scotchweld BJ 1 48 -200 to 60° C 
2216 
Pt DLS 2 56 -200 to 60° C 
DLS 1 48 -200 to 60° C 
BJ = Butt Joint 	DLS = Double Lap Shear 
2 
Materials and Methods  
The double lap shear and butt joint tensile specimens were 
fabricated as indicated by figures 1 and 2 respectively. The 
structural adhesives bonded 0.125 in. thick ferrite pieces to 
aluminum with bond line thicknesses ranging from 0.001 to 0.002 in. 
The stripline butt joint specimens used Scotchweld 2216 to bond a 
0.065 - 0.070 in. thick teflon sandwich between the aluminum 
blocks. 
Grips to accommodate the double lap shear and butt joint 
tensile specimens were fabricated for use in a rate controlled, 
displacement feedback MTS machine (Figs. 3 and 4). All specimens 
were tested at a constant displacement rate and loaded to fracture. 
Copper-Constantan thermocouples verified specimen temperatures 
during testing at low temperature extremes. Here, three double lap 
shear specimens bonded with Scotchweld 2216 were cold temperature 
soaked for 24 hours prior to testing. The specimens were placed in 
a freezer with thermocouple wires running from the interior of the 
freezer to a millivolt potentiometer kept at room temperature. 
Each specimen was taken directly from the freezer, immediately 
inserted into the testing machine and loaded to fracture. Table 2 
gives specimen temperatures after the cold soak. 
Table 2. Specimen Temperatures after 24 Hour Cold Soak 
Specimen I.D. 	 Temp. after Soak 
CLCS1 	 -22° C 
CLCS2 -24° C 
CLCS3 	 -16° C 
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Each specimen was coded with a series of initials indicating 
the structural adhesive, the testing temperature, lap shear vs. 

















Figure 2. Butt joint specimen 
6 
Figure 3. Load frame for rate controlled, displacement 
feedback MTS machine (High temperature 
chamber was not used for these experiments.) 
7 
Figure 4. Double lap shear specimen held by grips fabricated 
for MTS machine (Top shaft shown loose in collet.) 
Table 3. Specimen Identification Code 
example: R L N F 1 
position: 	1. 2. 3. 4. 5. 
Position 	Definition 
	
1. 	 Testing Temperature 
R: Room temperature 
C: Cold temperature 
2. 	Specimen Assembly 
L: Double lap shear 
B: Butt joint 
3. 	 Thermal Cycling Prior to Testing 
N: No thermal cycling 
C: Thermally cycled 
4. 	 Structural Adhesive 
R: RTV 8250 
S: Scotchweld 
F: Keene 6250 film 
SS: Scotchweld with silver surface prep 
SL: Stripline; Scotchweld 2216 bonds a three 
layer teflon sandwich to aluminum. Keene 
6250 film bonds the teflon layers 
5. 	 Identification Number 




Most double lap shear specimens did not experience a 
simultaneous failure of both sides. In most cases, the specimen 
was loaded and a failure occurred at only one bond. Upon failure 
of the first bond, slack at the pinholes allowed the specimen to 
realign with respect to the vertical axis and compensate for 
unsymmetric loading. Since the testing machine was rate controlled 
with displacement feedback, the slack and resulting specimen 
movement produced a temporarily decreased load. After this 
adjustment, the load increased and the second bond was loaded to 
fracture. Consequently, most double lap shear specimens 
experienced two separate failures and thus, have different 
strengths for each bond. 
Since both bonds of each double lap shear specimen used the 
same structural adhesive, bond line thickness and overlap area, 
theory predicts both sides should have failed at the same stress 
level. The different failure stesses of the two bonds may be 
attributed to unsymmetric loading and resulting misalignment after 
the first bond failure, or may indicate a bond integrity difference 
produced during specimen manufacturing. 
Shear strength values for the first bond failure were 
calculated as follows: 
= P1 max 
2A 
where: Pi max = maximumum load at first failure 
A = overlap area of bond 
After the first failure, the specimen had only one bonded 
joint and thus, the specimen's total overlap area was reduced by 
1 0 
one half. Consequently, strength values for the second bond were 
calculated as follows: 
T2 = P2 max 
A 
where: P2 max = maximum load at second failure 
A = overlap area of the bond 
The load vs. displacement curves of specimens RLNF3 and RLNSS1 
(Figs. 5 and 6) exemplify typical cases in which bonds of the 
double lap shear specimen experienced separate failures. Both 
curves show two load maximums. In the case of RLNSS1, both bonds 
failed at approximately the same stress level. On the other hand, 
the first bond failure of RLNF3 occurred at approximately 50% of 
the maximum stress experienced by the second bond. Again, the 
strength difference of the two bonds may be attributed to 
unsymmetric loading and resulting misalignment after the first 
failure, or may indicate a bond integrity difference produced 
during specimen manufacturing. 
Double lap shear specimens RLCS1, RLNS1 and RLNS10 did not 
experience two separate bond failures. These specimens failed at 
one maximum load and then lost virtually all load carrying 
capacity. A typical example of this case was exemplified by the 
load vs. displacement curve of specimen RLNS1 (Fig. 7). Here, only 
one load maximum was noted. 
Both the structural adhesive and the ferrite of specimens 
RLNS2, RLNS10, RLCS1, RBNS1 and RBCS2 failed (Fig. 8). 
With these failures it was impossible to conclude whether the 
structural adhesive or the ferrite block first yielded under 
loading. The structural adhesives of specimens RBCF1, RBCF2, RLCS2 
and RBNS1 never failed. Failure occurred in these specimens only 
as a result of the ferrite failing under loading (Fig. 9). 
Most butt joint stripline specimens failed where Scotchweld 
2216 bonded the Cuflon or Duroid sandwich to aluminum. Here, 
11 
specimens RBNSL1, RBNSL2 and RBNSL6 used a Cuflon sandwich, while 
RBNSL3, RBNSL4 and RBNSL5 used Duroid. RBNSL3 showed the only 
failure between the teflon sandwich layers. Here, Keene 6250 film 
bonded three layers of Duroid (Fig.10). 
Table 4 gives the failure stress of each lap shear bond and 
the maximum failure stress for each specimen. Table 5 gives the 
maximum tensile strength of each butt joint specimen. Both Tables 
and give an average maximum strength and standard deviation for 
each structural adhesive and sample type. Figures 11 and 12 show 
bar graphs comparing these average maximum strengths. One may note 
from Fig. 12 that Keene 6250 film yielded, by far, the highest 
tensile strengths. Uncycled, butt joint specimens with Keene 6250 
film failed at stress levels of more than 2.5 times greater than 
the next strongest tensile specimens,(uncycled with Scotchweld 
2216). Keene 6250 film also produced the highest maximum shear 
strengths of double lap shear specimens tested at room temperature. 
Again, uncycled shear specimens using Keene film failed at stress 
levels over 2.5 times greater than the next strongest shear 
specimens (uncycled with Scotchweld 2216 and silver surface 
plating). Only lap shear specimens bonded with Scotchweld 2216 and 
tested at low temperature extremes exhibited strengths comparable 









LOAD VS. DISPLACEMENT 
SPECIMEN 
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4.58 x 10 -2 
DISPLACEMENT (INCHES) 
Figure 5. Load vs. displacement curve of specimen RLNF3. 
Bonds did not fail simultaneously. (Note presence 
of two load maximums.) 
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LOAD VS. DISPLACEMENT 
SPECIMEN RLNSS1 
10 00 
900 - Load carried by • 
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Figure 6. Load vs. displacement curve of specimen RLNSS1. 
Bonds failed at different loads but approximately 
the same stress level. (Note: P2 max ' 1 / 2 P1 max) 
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Figure 7. Load vs. displacement curve of specimen RLNS1 
Failure occurred at one maximum load. 
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Figure 8. Failure of both the structural adhesive and the 
ferrite (specimen RLNS10) 
Figure 9. The ferrite failed under loading; no structural 
adhesive failure occurred. (specimen RBCF2) 
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Figure 10. Stripline, butt joint specimens 
A. Failure at aluminum - teflon interface bonded 
with Scotchweld 2216 (specimen RBNSL1) 
B. The only failure at a teflon - teflon 
interface. Here, Keene 6250 film bonded 
layers of the teflon (Duroid) sandwich. 
(specimen RBNSL3) 
Table 4. Shear Strengths for Specimen Groups 
Specimen 
	 ,1„2 	
7-max 	-rmax 	Standard 
I.D. (Specimen) (Average Deviation 




1 1413.1 1327.4 1413.1 1510.9 186.4 
2 1231.1 1393.0 1393.0 
3 1299.5 1726.6 1726.6 
RLCS 
1 241.5 241.5 385.1 253.8 
2 263.8 678.3 678.3 
3 F.B.T. 
4 235.9 182.8 235.9 
RLNSS 
1 570.2 556.9 570.2 589.9 290.0 
2 327.3 996.6 996.6 
3 153.5 321.0 321.0 
4 166.8 471.8 471.8 
RLNR 
1 F.B.T. 9.5 1.4 
2 F.B.T. 
3 F.B.T. 
4 10.5 8.4 
RLNS 
1 104.7 104.7 364.6 324.3 
2 580.6 1119.4 1119.4 
3 90.0 90.7 90.7 
4 109.6 224.7 224.7 
5 286.1 513.6 513.6 
6 92.8 150.7 150.7 
7 178.0 141.0 178.0 
8 243.3 375.5 375.5 
9 76.8 221.9 221.9 
10 666.5 666.5 
F.B.T. = Failure Before Testing 
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Table 5. Tensile Strengths for Specimen Groups (continued) 
Specimen 	 Tensile 	Average Strength 	Standard 
I.D. Strength for Specimen Group Deviation 
(psi) 	 (psi) 	 (psi) 
RBCF 
1 25.1 19.1 8.6 
2 13.0 
RBCR 





























Figure 11. Shear strengths of Specimen Groups 
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TENSILE 2000 - 
STRENGTH 
(PSI) 1500 - 
1000 - 
500 - 
A 1771A ;#' 4 ...: % A 0 
RBNSL 	RBNR RBNSS 	RBNF 	RBNS RBCS RBCF RBCR 
SPECIMEN GROUP 
Figure 12. Tensile strengths of specimen groups 
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Conclusions  
The maximum strengths of the butt joint and double lap shear 
specimens are given by tables 4 and 5 respectively. 	As previously 
discussed, most double lap shear specimens experienced two separate 
failures and thus, exhibited different strengths at each bond. The 
difference in failure stresses of the specimen's two bonds may be 
attributed to unsymmetric loading and resulting misalignment after 
the first bond failure, or may indicate a bond integrity difference 
produced during manufacturing. 
Figures 11 and 12 compare maximum shear and tensile stengths 
for each structural adhesive and specimen type. These figures 
indicate that Keene 6250 film produced, by far, the highest 
strength bonds of all adhesives tested at room temperature. More 
specifically, Keene 6250 film failed at stress levels greater than 
2.5 times the next strongest adhesive during both shear and tensile 
testing. Only double lap shear specimens bonded with Scothweld 
2216 and tested at low temperature extremes failed at comparable 
stress levels. 
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